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METHOD 1=OR MANUFACTURING A TYRE 

The present invention relates to a method for manufacturing a tyre. More 
particularly, the present invention relates to a method for manufacturing a tyre 
5 wherein a green tyre is assembled onto a rigid toroidal support, and then molded 
and cured in a vulcanization mold defining a molding cavity, which includes at 
least a portion in which molding and curing are performed at a -constant volume. 

Generally, in a tyre production cycle, after a manufacturing process in which the 
10 different tyre components are formed and assembled to provide a^reen tyre<i.e. 
an uncured or raw tyre), a molding and jcuring process Is ^rried out for the 
purpose of stabilizing the tyre structure to a given -geometric conformation, 
generally characterized by a particular tead pattern. To this aim, the tyre is 
introduced into a vulcanization mold, typically comprising a pair of side parte 
1 5 adapted to be axially moved close to each other, which are arranged to operate on 
the tyre bead and sidewalls, and at least one series of oircumferentially distributed 
sectors adapted to be radially moved close to each other, -so as to operate on itie 
tyre tread band. In more detail, side parte and sectors are mutually movable 
between an open condition, in which they are spaced apart trom each ofr^r to 
20 enable loading of the tyre being processed, and a closed condition, in which they 
define a molding cavity, the inner surface of which is the «ame as the outer 
surface of the tyre to be obtained. 

In a known method of molding and curing a tyre, a rigid toroidal support having the 
25 same configuration as the inner surface of the tyre to be obtained is arranged 
within the tyre. For example, US patent no. 4,395,692 drsctoses a mold for molding 
and curing an eiastomeric tyre comprising a rigid core defining an interior surface 
of the tyre, two side parts and a peripheral ring divided into a plurality of segmente. 
The members of the mold assure the molding of the exterior and Interior surfaces 
30 of the tyre and completely define a molding space for the tyre. The vulcanization is 

■* 

therefore effected with constant volume. 

A different approach is disclosed in PCT patent application WO 01/00395, that 
. discloses a method in which a gr^n tyre manufactured on a toroidal -support is 
35 closed in a vulcanization mold. The side portions of ttie are sandwiched 
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between the mold side parts and the toroidal support Steam or another fluid under 
pressure is fed to a diffusion interspace formed, due io tyre e>^nsion, between 
the inner surface of the tyre and the outer surface of the toroidal support ^4ore 
particularly, following closure of the mold, the tyie iser)closed in a holding space 
5 confined between the outer surface of the toroidal support and the tr>ner waHs of 
the molding cavity. The holding space when the mold is closed has a volume 

* 

greater than the volume taken up by the tyre itself. In more ^tail, the holding 
space has two radially inner portions of shape and size substantially 
corresponding to the shap>e and size of the side portions of the tyre, and a radially 
10 outer portion confined t>etween said radially inner portions, of radial dimensions 
greater than the radial dimensions, i.e. thickness, measured on the radially outer 
portion of tiie tyre itself 

Recentiy new methods for manufacturing tyres have b^n proposed which do not 
need separate manufacturing of semi-tinished products used in the traditional 
methods, for example the tread band, the sidewall strips, the carcass plies, the 
belt strips and the bead ^res, just to mention the main cnes. ^^xxx^iing to the 
above innovative processes, those semi-finished prxxlucts are isepiaced by a tew 
number of basic components which are maniffactured "in situ* when the green tyre 
is assembled. These basic components are elor^gated elements, usually in the 
form of a strip or of a ribbon, made from raw elastomeric material, possibly 
reinforced with one or more reinforcing cords. 

This r\ew process for the assembly of the tyre is. carried out by means of 
deposition, on the aboverrientioned toroklal supp>ort, of the above bask^ 
components designed to form the structural parts of the tyre <substentially 
corresponding to the parts made with the usual semi-finished products according 
to conventional manufacturing methods), using tew types of movement such as 
radial deposition, directed towards the axis of rotation of the toroidal support, and 
circumferential deposition onto the surface of the toroklal support made to rotete 
about its axis, or a combination of the two. 

The basic components are supplted to said toroklal support in the form of 
continuous elongated elements. The radially deposited <x)rT>por)ents may be cut 
35 beforehand into portions of predefined size, white ti^ circumferenfially -deposited 
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components are cut after winding onto JheLxJrum. These basic coiriponents have 
typically a cross section with dimensions . smaller than those of-the structural part 
to be constructed. 

5 Once the assembly steps are concluded, the green tyre prepared with the above 
described method is closed in a vulcanization mold, for instance- of the type 
disclosed in the above cited patent application WO 01/00395. and eventually 
cured. 

10 The Applicant has noticed that the above-mentioned process allows a very high 
degree of manufacturing flexibility, since, owing to the substantial -similarity of the 
basic components for each type of tyre, only a limited number of parameters 
controlling the revolutions of tiie toroidal support for tiie components applied 
circumferentially and the awal extension of ti^e radially applied components are to 

15 be varied to produce different tyre models. 

Notwithstanding, the Applicant has verified that some difficulties may arise in the 
definition of the specifications to be provided to the machinery that controls -the 
movement of the toroidal support, in order to obtain a x^rrect deposrtion of the 
20 basic components thereon, when a new tyre is planned for production. In 
particular, it has been verified that subsequently to the cteposifion of ttie basic 
components on the toroidal support, problems may arise during molding and 
curing, especially in the portions where vulcanization is perfomied at a <x>nstant 
volume. 

25 

More specifically, it has been found that an ^y^^ess of elastomeric material in the 
constant volume portion of the mold may cause uncontrolled moN^ments of 
elastomeric material within the mold, possibly leading to unacceptable defects 
and/or geometrical distortions in the finished tyre. This causes a continuous te- 
30 definition of tiie specifications to be provided to tiie machinery in order to conectly 
control the movement of the toroidal support -during tiie compound deposition, until 
tiie conect specifications have been found. The Applicant has verified tfiat tiiis 
may cause, when a different tyre is planned for production, a high <iuantity of 
scraps In the tyre manufacturing process, i.e. a high quantity of tyres to be 
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discarded- due to presence of d^ects or geometncai distortions. Furthennore, this 
also increases-the time-to-theHnarket of the new tyre to be produced. 

Furthermore, the Applicant has noticed that a <x>ntrol only of the overall volume of 
5 the material disposed on the rigid toroidal support versus the overall available 
volume- in the molding cavity may iiot be ^ufTicient to guarantee ik\e obtainment of 
a cured tyre without defects and/or geometrical distortions. 

The Applicant has tackled the problem of reducing the quantity of scraps in a 
1 0 manufacturing process of tyres involving a molding and curing in a vulcanizatk>n 
mold comprising a portion in which vulcanization is carried out at a constant 
volume. In particular, the Applicant has tackled the problem of determining, in a 
reduced time, the specifrcations for a correct deposition of the elastomeric material 
on a toroidal support to be inserted in such a vulcanizatbn mold, especially when 
1 5 new types are planned for production. 

The Applicant has found that these problems may be solved by deriving arKi 
analyzing a curve showing the volume distributkMi of ti>e elastomeric material 
versus the available volume in the constant volume portion of tiie mokiing cavity. 
20 In the remainder of the description and In the claims, a curve of this kind will be 
referred as an "excess material volume curve". Explicit preferred functions suitable 
for determining an excess material volume curve will be given in 4he remainder of 
tiie description. 

25 In particular, the Applicant has found that a curve of this kirnl related to the 
material distribution in a green tyre of a first tyre model, leadir^ to finished tyres 
that, after molding and cunng, are pracucaiiy free from defects and/or georr^tncal 
distortions, may be used as target curve for determinir^ specifications for 
preparing green tyres of a second tyre model, different from <he first tyre model 

30 (e.g., having a different size or different geometrical proportions, or a different 
stiffness of some part, such as sidewalls, or a difterent disposition of elastomeric 
fillings and/or inserts, or a different sidewall profile, or a different skJewall height, 
etc.). The Applicant has found that Oiis method may greatiy reduce the quantity of 
scraps, as well as the-time-to-the-market of the second tyre nrxxleL 

35 
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In a first asF>ect, the invention relates to a method for manufacturing a tyre 
comprising: 

" disposing an uncured elastomeric material on a sut^stantially rigid support, so 

as to form a green tyre; 
5 - inserting said green tyre disposed on said support into a \AJlcanization mold; 
* closing the vulcanization mold so as to define a molding cavity between an 

outer surface of said support and an inner surface of said vutcanization moid; 

molding and curing the green tyre, at least one portion of the graen tyre toeing 

molded and cured at a substantially constant volume in at least one portbn of 
10 said molding cavity; 

wherein the step of disposing said uncured elastomeric material on the support 
comprises: 

- determining a first excess material volume curve of said elastomeric material 
with respect to an available volume in said at least one portion of the molding 

15 cavity, versus a predetermined direction; 

- controlling a volume distribution of said elastomeric material on said rigid 
support so as to substantially fit said first curve. 

in a second aspect, the invention relates to a method for <x>ntroiling a disposition 
20 of an uncured. elastomeric material on a rigid support, for the manufacturing of a 
green tyre to be molded and cured in a vutcanization mold, said vulcanization mold 
and said rigid support defining a molding cavity such that at least one portion of 
the green tyre is molded and cured at a substantially constant volume in at least 
one portion of said molding cavity, said method comprising: 
25 - providing a first positioning specification set for a machinery associated to a 
deposition of said uncured elastomeric material on sakj support; 

- providing a cross-section profile of at least said portion of 1t>e molding cavity; 

- determining, from said first positioning specification set and from said molding 
cavity cross-section profile, a first excess material volume curve of said 

30 uncured elastomeric material with respect to an available volume in said 
portion of the molding cavity, versus a predetermined direction. 

In a third aspect, the invention relates to a computer program directly loadable into 
a memory of a computer, for performing a nr^ethod lor confrolling a disposition of 
35 an uncured elastomeric material on a rigid support "for ihe manufacturing of a 
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gpeen tyre to be molded and curad in a vulcanizatfon mold, said ioiteanization mold 
and said rigid support defining a fnolding t;avity such tinat at least one portion of 
the green tyre is molded and cured at a -substantially constant volume in at teast 
one portion of said molding cavity, the program comprising code portions being 
5 adapted for 

- acquiring a first positioning specincation set for a machinery associated to a 
deposition of said uncured elastomeric m^erial on said -support; 

- acquiring a cross-section profile of at least said portion of the molding cavity, 

- determining, from said first positioning spec'rfication set and from said molding 
10 cavity cross-section profile, a first eyxxss material volume curve of sakJ 

uncured elastomeric material with respect to an available volume in sakJ 
portion of the molding cavity, versus a predetermined direction. 

In a fourth aspect, the invention relates to a computer program product comprising 
15 a computer readable medium on \A^ich the computer program of the third aspect 
of the invention is stored. 

Other features and advantages of the present invention will be made apparent by 
the following detailed description of some exemplary embodiments thereof, 
20 provided merely by way of non-limitative examples, description that will t>e made 
by referring to the attached drawings, wherein: 

- Rgure 1 shows an apparatus for manufacturing tyres for N^hide wheels on a 
substantially rigid toroidal support; 

- Figure 2 shows a portion of a cross-section of a green tyre ready to be molded 
25 and cured; 

- Rgures 3a and 3b show, respectively, a portion of a molding ^i^avity and a 
corresponding portion of a green tyre to be molded and cured in such molding 
cavity 

- Rgure 4 shows a first exemplary excess material volume curve; 
30 - Rgure 5 shows a second exemplary excess material volume curve; 

- Rgure 6 shows a third exemplary excess material volume curve; 

- Rgure 7 shows a comparison between a target excess material volume ourve* 
and an excess material volume curve related to a new tyre model being 
planned; 
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- Figure 8 shows a comparison between the target excess <naterial volume 
curve and a furtiier excess material volume curv& corresponding to modified 
specifications for forming a green tyre for the new \yr^ n>odeL 

5 With reference to Figure 1, a preferred embodiment of an apparatus for 
manufacturing tyres for vehicle wheels has been generally identified by refererrce 
numeral 1 . Apparatus 1 is associated with a plant 2 intended for producing lyres 
for vehicle wheels or executing a part of the workings of the tyre production cycle. 

10 Within these woricings, manufacturing of different tyre components is included, 
which components are obtained directly on a substantially rigid toroidal support 3 
having an outer surface 3a, 3b, the shape of which substantially matches the inner 
shape of the tyre itself. For such purpose, plant 2 may generally comprise a 
plurality of work stations 4, S, 6 each intended for carrying out at least one of sakj 

1 5 workings aiming at manufacturing ttie tyre on the toroidal support 3. 

In more detail, in the example shown in Figure 1 and described by way of example 
only, a portion of plant 2 is shown which is arranged to fomn a can:;ass structure t)n 
the outer surface 3a, 3b of the toroidal support 3. The caicass structure comprises 

20 at least one first carcass ply such arranged as to cover the outer surface 3a, 3b of 
the toroidal support 3, at least one pair of annular reinforcing structures disposed 
at respective end edges of the carcass ply and an optional second ^carcass ply 
placed in superposed relationship with the frrst carcass ply arvj the anrujlar 
reinforcing structures. Each annular reinforcing structure -may comprise first and 

25 second annular inserts comprising at least one metal wire wound in several coils 
disposed in the fomn of a crown, and a filling body of elastomeric material axialty 
interposed between the first and second annular inserts. 

In the plant portion 2 intended for making the carcass structure may be for 
30 example provided a first woric station 4 for executing a step of pre-heatir^ the 

■ 

toroidal support 3, and/or for the optional application of a liner to the outer surface 
thereof, i.e. a thin rubber layer that, when vuk^anization has b^n completed, will 
be airtight in order to ensure maintenance of the operating pressure in the tyre. 



wo 2005/065923 *CT/1B2003<^06221 

8 

A second work station 5 can be in lum intended for forming <cancass plies. 
Formation of each ply can be advantageously carried out by sequential deposition 
of strip*like elements disposed consecutively in side by skie relationship in a 
mutually circumferential approach onto the outer surface 3a, 3b of the toroidal 
5 support 3. Further details as regards the manufacturing modaliijes of the carcass 
ply or plies in the second work station 5 are widely disck>sed in European patent 
applications No. 928680 and No. 928702 in the name of the -same Applicant. 



A tinird work station 6 annanged to form tiie annular reinforcing structures at the 
1 0 inner end edges of the first carcass ply may also be provided. For the purpose, the 
third work station 6 comprises feeding devk^es arranged to supply or>e or more 
elongated elements to be employed in making the filling body and the annular 
inserts. In more detail the teeder devtoes may for example comprise a first 
extruder 14 arranged to supply, through a respective, delivery member 14a. at 
15 least one first continuous elongated element, e.g. a strip of elastomeric material of 
predetenmined cross-section size, to be employed for making the filling body of 
each of the annular reinforcing structures. More specifteally. it is preferably 
provided for the cross section of the elastomeric strip emerging 4rom the <telivery 
memt>er 14a of the first extruder 14 to have a convenientiy reduced section as 
20 compared with the transversal cross-section of the filling body to be made. The 
filling body in its final configuration is obtained by delivery of a contiriuous 
elastomeric strip onto the toroidal support 3 while sakJ support, upon the action of 
circumferential-distribution means, is driven In a rotary circumferential-distribution 
motion around a geometric axis of rotation thereof denoted by "X". Concurrently 
25 with the rotation imposed to the toroidal support 3, transverse-distribution means 
will give rise to controlled relative displacements t>etween the toroidal support itself 
and tile delivery member 14a associated with the first extnjder 14. in -such a 
manner that the elastomeric strip will iorm a series of coils disposed radially and/or 
axially in side by side relationship until tiney define the filling body. 

30 

The feeder means provided in \he tiiird wortc station 6 may further comprise at 
least one second extruder 15 arranged to supply, through a respective ^livery 
member not shown in the drawings, a second continuous etongated element, e.^f. 
a rubberized metal wire, to be employed for making the annular inserts being pal 
35 of each annular reinforcing structure. £ach annular insert is made by 
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circumferentially laying down the respective rubberizBd metal wire onto the toroidal 
support 3, by virtue of the rotary circumferential-distribution motion imparl to 
said support around a geometric axis thereof denoted by "X". Meanwhile, a 
transverse-distribution movement is also carried out between the toroidal support 
5 3 and the delivery member of the second extruder 15, in such a manner that the 
continuous elongated element will form a series of ooils disposed ^^rrsecutively in 
side by side relationship on moving away from or bring near to the rotation axis "X" 
of the toroidal support 3, so as to form the respective annular ir^rt. 

10 Both the circumferential-distribution movenr^ent, i.e. rotation of the toroidal support 
around its axis "X", and the transverse-distribution movement are preferably 
accomplished by directly moving the toroidal support 3. Under this circumstance, 
the extruders 14, 15 forming the means for fading the elongated element ^n 
advantageously keep a fixed positioning during formation of the different 

1 5 components on the tyre being worthed. 

In order to provide suitable movement of the support 3, the circumferential- 
distribution means intended for driving the toroidal support in rotation around its 
axis "X", and the transverse-movement means may be integrated into a robotized 
20 arm generally identified by 16, arranged to engage removably and preferably in 
cantilever fashion the toroidal support 3, so as to -sequentially bring the same in 
front of each of the work stations 4, 6, 6 and conveniently move it relative to said 
stattons. 

25 In particular the robotized arm 16, preferably of the anthropomorphfe type with 
seven axes, comprises a first section 17 having a fit^t end 17a connected to a 
support platform 18 for rotation around a first horizontally-disposed oscillatton axis 
"A", and around a second axis "B" disposed vertteally or at all -events perpendteular 
to the first oscillation axis "A". The robotized arm 16 further comprises a second 

30 section 19 associated to a second end 17b of the first section 17, with possibility of 
oscillation about a ttiird axis "C", preferably parallel to the first axis "A" and also 
around a fourth oscillation axis "O" perpendicular to ttie third axis "C" and 
preferably disposed longitudinally of the second -section itself. An ^nd -head 2S) rs 
■ operatively associated, at its end, witii the second section 19 ar>d is such arranged 

35 as to removably eng^e the toroidal support 3. The end head 20 is susceptible of 
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oscillatiorr around a fifth axis *E". perpendicLrtar to the fourth osculation axis "D", In 
a preferential solution, the fifth axis IE' is<x>planar with the fbufth axis "D", and the 
end head 20 is in addition susceptible of osdilation around a sixtti axis "F* 
perpendicularly oriented relative to frie toroidal support 3, and relative to the fifth 
5 axis of oscillation 

Employment of the transverse<iistribution means -directly operating on the toroidal 
support 3 offers the advantage of being able to use the ^me robotized arm 16 
both for managing movenr^nt of the toroidal support 3 in front of the individual 
10 extruders 14, 15 and/or other feeder means provided in the first, second, thrrd and 
other possible work stations, and for -causing transfer of the toroidal support from a 
work station to another one. 

In partfcular, in the example shown the rotx)tized arm 16 picks up the toroidal 
15 support 3 from the first work station 4 in order to transfer it to the second work 
station 5 for the purpose of forming tt>e first carcass ply. During formation of the 
first carcass ply, the toroidal support 3 preferably stays in engagement with the 
robotteed arm 16 that advantageously carries out suitable orientatton of -support 
relative to the devices for delivering and laying down tiie strip-like elements 
20 provided in the second station itself, and drives it in rotation according to a step- 
by-step movement around the geometric axis "X", in synchronism with operation of 
the above mentioned delivery and deposition devices or other convenient tieli\^ry 
and deposition means, so as to cause distributton of the strip-like elements 
according to a predetermined cincumferential pitch. 

25 

Subsequently, the toroidal support 3 is pfcked up from the second work station 5 to 
be brought in front of the first extruder 14 of the third work station 6, Tor the 
purpose of forming the first annular insert of each annular reinforcing structure. 
The toroidal support 3 is then brought in front of the second extruder 14 of the thkd 
30 work station 6, in order to give rise to formation of the filling body of each annular 
reinforcing structure, to be then shifted again in front of the first extruder 14 for the 
purpose of enabling accomplishment of the second annular insert and thus 
completing formation of the annular reinforcing structures. 
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Mobility of the toroidal support in the six osciflation axes "A", "B", "C, "O", "F*. 
in addition to driving in rotation of the same around the geometric axis "X", «iat)les 
a correct deposition of the -elongated elemente coming from ^)^ruders 14, 16 to 4>e 
carried out, irrespective of the conformation of the toroidal support 3 and the tyre 
5 components to be obtained. 

When formation of the annular reinforcing structures has been <x>n>pleted. the 
toroidal support 3 can be transferred again to the second woric station 5 to •enable 
formation of a second carcass ply in the same manner as pneviousiy described in 
10 connection with the first carcass ply, thus completing manufacture of the tyre 
carcass structure. 

The same robotized arm 16, or one or more similar robotized arms instaHed in 
respective adjacent work areas provided in plant 2, can te designed for movement 
15 of the toroidal support 3 in front of further extruders or other ^feeding devices 
arranged to deliver the -elongated elements provided for accomplishment of furtiw 
tyre components, such as sidewalls, tread band, beH layers for example, as well 
as for carrying out transfer of ti^ toroidal support to other work stations designed 
for vuteanization of the thus formed green tyre, for example. 

20 

Movements of the first section 17, the second section 18 and tiie end head 20 
around the respective oscillation axes "A", "B", "C", "D", T" may be managed 
by respective motors. Operation of all motors associated with the transverse- 
distribution means or with the drcumferential-drstribution means may be managed 

25 by an electronic control unit (not shown) in a manner adapted to ensure correct 
movement of Vhe toroidal support 3 in the respective wortc stattons 4. S. Ibr the 
purpose of obtaining a .correct fomiation of the tyre components. Such «>PFect 
movement of the toroidal support 3 can be governed by positioning specifrcation 
sets (typically, one positioning specification for the formation of one lespective tyre 

30 structural part), provided to the electronic control unit. In practfce, the positioning 
specification sets may be computer files <:omprising a plurality of positioning 
records, specifying space coordinates to -be sequentially folfowed -by the toroidal 
support 3 during the deposition of the eforigat^l elements provkied -by the feeder 
means 14, 15. By way of example, a single positioning record included in ^e 

35 specification files may oomprfee two spatial coordinate (Xi. Yi), orthogonal to 
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each other, defining a point in a reference plane and an angte to be presented 
by the toroidal support 3 versus the nose 14a of the extruder 14. In order 1o 
complete information relative to the trajectory of the toroidal support in *ie space, 
a fourth parameter Ri may be provided, defining the numt)er of <5omplete rotations 
5 that are needed to the toroidal support 3 in order to leach the spatial position in 
the above mentioned reference plane defined in the following positioning record. 

The above mentioned specification files maybe preferably -generated by a suitable 
computer program, such as for example a program as disclosed in the PCTpatent 

10 application WO 02/05143, in the name of the same Applfcant, the^neral features 
of which are hereki briefly recalled. Once the cross-section profile of the various 
components of the green tyre to be formed has been<lefined, such profile may be 
displayed by a graphic tool on the screen of a computer to an operator. The 
operator Tills" the cross-section profile of the various structural parts comprising 

15 elastomeric material with a basic element of corresponding material, by arranging, 
next to each other, a plurality of cross*sections of said element. The dimensions of 
the basic element to be used, in particular its width and its height, as well as the 
elastomeric material from which it is made, have piedefined values. In particular, 
different structural parts of the tyre may need dHfecentelastomericcompositions. 

20 

For example, by means of a manual dragging device, ihe operator arranges the 
cross sections of the basic elements within the cross-section proHle of the various 
structural parts of the tyre, superimposing them partially on top of each other. This 
operation may be performed by selecting, for example by nr>eans of the computer 

25 mouse, a cross-section of the basic element made available by the program arKl 
dragging it into the shape to be filled v^^ich is graphically displayed, 4jntil it is 
pcsitlorfted in tlie vicinity of its finai arrangement position. The program determines 
exactly the final position of each element calculating its shape modification, due to 
the plasticity of the material forming the element, caused by any stretching during 

30 deposition and by the mutual overiapping with the adjacent elements. This 
modification in the cross sectional shape of the basic elements is calculated on the 
basis of the previously stored characteristics of the material from which the 
element is made. 



wo 2005/065923 PCT/IB2003/006221 

13 

For each section positioned within the shape, the following parameters tnay 4hus 
be stored in a record of a specification file: 

- the position (Xi, Yi) of a predetemiined point, for example the middle point of 
one side of the element cross-section, with -respect to a predetermined 

5 reference frame, for example a pair of Cartesian axes, integral with the toroidal 
support, 

- the angle of orientation pi of the deposited section with respect io a 
predetermined reference frame, for example the axis of rotation of the toroidal 
support 

10 

The operator then may select a further -element and, using the same piocedure, 
arrange the same in the vicinity of the previous -element The program <Jetenmines, 
as explained before, the final position of the further element, partially 
superimposing the same on the previous element and deforming it accor<iing to its 
15 degree of plasticity. The operator may further configure the nurnt>er of rotations Ri 
that the toroidal support should perform in order to allow the further .element to 
reach the chosen position starting from the position of the previous -element In 
prefen^ed embodiments, such parameter Ri may be set to one -by d^ault 

20 The procedure continues until all the space intended for the structural part under 
working has been completely filled with the basic element cross-sections, so as to 
completely define the positioning specification for the operating procedure, i.e. Ihe 
manufacturing instructions necessary for allowing the robot to correctly dispose 
the extruded elastomeric element onto the toroidal support 

25 

The above procedure is repeated for each sfru(^ural part to be formed by #ie 
superimposing of the basic elements, so as to reproduce, in practice, flie actual 
deposition of the elements needed for forming tte whole tyre. 

30 Figure 2 shows, by way of example, a cross-section of the sidewall arwl bead 
portion of a green tyre 100 ready to be molded and cured in a vulcanteation mold. 
The green tyre 100 comprises a first liner layer 101, a second liner layer 102, a 
carcass ply 103, a reinforcing bead structure comprising three annular inserts, 
104, 105, 106 associated to respective inserts 107, 108, 109, an anti-abrasive 

35 layer 1 10, a sidewall 111. The green tyre 1O0 is disposed on tte toroidal rigid 
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support (not shown in fig.2). to •be n>oicled ^nd cuiBd in a vulcanieation moid in 
which a- molding caN^ is formed between the outer surface of the toroidal rigid 
support, the inner surface of a plurality of segments assuring <exterior molding of 
the tread and the inner surface of two side parts of the vulcanization mold, 
5 assuring molding of the sidewalls of the tyre. For the purposes of the present 
invention, by "rigid" <as referred to the toroidal support) there is to be underwood 
"substantially non-deformable" as compared with a conventional inflatable 
vulcanization membrane which, by definition and construction, is highly 
deformable as compared with other parts of a conventional mold which undergo 
1 0 very slight elastic deformations due to sfresses exerted by the molding pressure. 

The molding cavity comprises at least a portion In which molding and curing is 
earned out at a constant volume, i.e. a portion in which the volume available in the 
molding cavity and the volume of a corresponding portion of green tyre 100 

15 substantially match, after closure of the mold. According to a preferred 
embodiment, in a remaining portion of the moldir^ cavity, the available volunf>e of 
the molding cavity portion may be higher than the volume of the corresponding 
portion of the green tyre, so that an interspace may be fonmed between the outer 
surface of the green tyre to be molded and cured and the inner surface of the 

20 vulcanization mold after closure of the mold. According to this preferred 
embodiment, the molding of the outer surface of the green tyre corresponding to 
the above portion of the green tyre not in contact with the inner surface of the 
vulcanization mold after closure of the sanr^ may be obtained by e)q:>anding the 
green tyre in correspondence of that portion by feeding a fluid under pressure into 

25 the diffusion interspace that forms between the outer surface of the support and 
the inner surface of the green tyre <as disclosed for instance in the above cited 
PCT patent appiicauon WO 01/00395). 

In a preferred embodiment, the portion of the ^r^n tyie which is <nolded and 
30 cured at a constant volume corresponds to the 'bead region and to the sidewalls or 
at least a major portion of the latter, while the portion of the tyre that is molded and 
cured upon expansion corresponds to a crown leglon of the tyre includir^ the 
tread and possibly a minor portion of tine sidewalls. . In Figure 2, a dashed line A 
represents an exemplary radially outer limit of the portion of gceen tyre 1O0 to be 
35 molded and cured at a constant volume in this preferred embodiment. 
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Rgures 3a and 3b respectively show a portion of the molding 4::avity of a 
vulcanization mold adapted to mold and cure a gpeen tyre at a txxistant volume in 
the sidewall and bead region, and the corresponding >)ortion of the gr^n tyre io 
5 be molded and cured. Typically, the overall volume of the fnaterial fomiing the 
green tyre portion to be molded and cured at a constant volume is slightly greater 
than the volume available in the molding cavity, of a percentage that can -reach 10- 
15%, 

10 A problem, verified by the Applicant, related to the molding and curing x>f at least a 
portion of the green. tyre at.a constant volume is that the volume of the material 
forming the green tyre disposed on the rigid toroidal 'support should be^nlrolled, 
in order to avoid unexpected movements of elastomeric material within the nnold, 
with the consequent formation of defects and/or geometrical distortions in the 

15 molded and cured tyre, or, in the worst cases, a damaging of the mold iteelf. 

However, the Applicant has found that the sole check of flie -overall volume of 
material disposed on the rigid toroidal -support versus the available volume in the 
molding cavity is not sufficient to guarantee the obtainment of a molded and jcured 
20 tyre without defects and/or geon^etrical distortions. 

Instead, the Applicant has found that it is in>portant to monKor how the dilferer^ 
between the volume of the material disposed on the toroidal support and the 
available volume in the molding cavity varies veisus a predetermined direction. In 

25 the remainder of the description and in the claims, a function -describing the above 
mentioned volume difference will be referred as a furbction describing an "excess 
material volume". Preferably, the predetermined direction versus which the 
monitoring of the excess material volume can be f>erformed is a radial direction of 
the tyre, indicated as y in Figures 3a, 3b. Folbwing the notations indicated in 

30 Figures 3a, 3b, the excess material volume should be monitored in the portion .of 
molding cavity in which molding and curing is carried out at a constant vokime, 
i.e., between the two reference levels indicated esyjnefjow and j'^re/C Figures 3a 
and 3b also show dashed portions F„»wO') Vmady)t <x>ffesponding, 

respec^vely, to the available volume in the molding cavity and to 4he volume of the 
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material disposed on the toroidal support Hjp to a radial teight y. -Prgterred ej«cess- 
material volume functions may be the following ones: 









5 




12] 






13] 






^3 



wherein VniolAy) and F,mH[>0 correspond to volumes. <:alculated 4>et\A^n yj-^fjow 
10 and whereas V^noidyu yii and V^Jy^ yii correspond to volumes <:alcula*ed 
between yi and 3^. The quantities calculated from (1] and (3] may be preferably 
expressed as percentage values. 

In particular, the Applicant has found particularly x^onvenient to use the above 
15 function {1] in order to perform the analysis of the excess material volume. Such 
analysis can be preferably conducted with the aid of a computer program loadable 
into the memory of a computer. 

The quantities V„^y^) and Vmah\ to be used in the above fomuilas II3, £2] orJ3] 
20 may be detennined by suitable calculations. More partfcularly, F;^^) can be 
derived by storing an image file of a cross-section of the mold cavity fK>ftion 
destined to molding and curing at a constant volume, from which the area of the 
molding cavity up to the radial height y <dashed portion in fig.Sa) can be 
detemnined, using conventional methods. To derive the volume Vmoi^y) from such 
25 area, the rotational symmetry of the molding cavity can be e>ploited. On the other 
hand, V^nafy) can be derived, using conventional methods, from the specification 
files defining the positioning and the dimensions of the basic etements forming the 
green tyre. 

30 Rgure 4 shows the trend, versus the radial direction y, of the above function fl], 
derived from a set of specification fil^ of an exemplary tyre <225/451R17 PZero 
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Nero) produced by the Applicant with the above method, and from -the 
corresponding molding cavity portion adapted for moWing and curing at3.con^nt 
volume. Such molding cavity portion extended from the radially lower point of the 
bead to just below the upper end of the sidewall <see dashed line at a radial heigth 
5 yj'ef in Figure 3a, 3b). The abscissa y is normalized so that yj'efjow 
corresponds to 0, and yj'ef correspor>ds to 100. EM(y) is -expressed using 
percentage values. It has to be noticed that the vary first portion of the x^utsTb 
shows non-real high values of excess material volunne, ^due to the fact that less 
than perfect calculation is performed in a very small portion of the moWing cavity 

10 and of the green tyre near the edge of the bead. As it can be seen from the value 
reached from the curve in correspondence of an abscissa value of JOO, the overall 
volume of green tyre in the portion to be molded and cured at a constant volume is 
in excess of about 5% with respect to the available volume in the molding cavity 
portion. It has also to be noticed that the value of the function EM just -below an 

15 abscissa value of 50 is lower than zero: this means that approximately in the first 
45% of the radial height of the mold the cverall material volume is lower ^n the 
corresponding available volume in the mold. 

Figure 5 shows the trend, versus the radial direction y^ of the above function 12], 
20 corresponding to the same exenrplary green tyre and mold of the curve of Tigure 
4. The curve of Figure 5 has a similar trend with respect to that shown in fig.4, with 
a lower enhancement of the variations caused by the local increase or decrease of 
material versus the available volume in the cavity. 

25 Figure 6 shows the trend, versus the radial direction y^ of the above function J3], 
corresponding to the same exemplary ^reen tyre and mold of thecun^cf Rguies 
4 and 5. The function EMioc allows to easily recognize where, locally, the material 
volume is in excess versus the cavity volume, or vice versa. As it can te seen, 
strong local differences between the material volume and the cavity volume are 

30 revealed by Figure 6 in a radially outer portion. Figure 6 also 'shows tiiat in a 
radially inner region, the molding cavity portion has a volume slightiy ^eater wi<h 
respect to the volume of a corresponding portion of green tyre. 
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The Applicant has found that the ^tual «hape of the- tr^end ^ourve of an excess 
material volume function, such as the above mentioned functions {1], {2] or^S], 
may be used as guideline in order to -define the ^t of positioning specifications for 
the machinery controlling the deposition of the elastonieric m^rial on the toroklal 
5 support More particularly, it has been found that if a green tyre Is prepared by 
•^"Og a given set of specifications, and if such green tyre, after having been 
molded and cured at least partially at a constant volume in a vulcanization mold, 
stably provides a finished tyre witti an acceptable level in terms of ^efe^ts and 
geometrical distortions, then its exc^s material volume <;urve can be used as 
10 target curve for tuning the specification set, when a modification of sudi 
specification set is needed, for example in order to cope with a -structural 
modification of the tyre. This situation is quite typical -during the setup of a -new 
tyre, for example, since a series of tests -carried out on test tyres may result in 
several modifications of the dimensions and/or of the compositions of some 
15 structural parts of the tyre, In order to raach target specifications for the tyre In 
temris of grip, handling, behavior during a bend, behavior during braking, and so 
on. However, a modification of the set of specifications for fomiing the green tyre 
may lead to an unbalancing of the material distribution disposed on the toroidal 
support, and to a subsequent formation of defects anchor ^geometrical <iisk>rtions 
20 on the finished tyre, after molding and curing at least partially at a constant 
volume. In these cases, a further modifrcation of the specification set is required, 
so that the tuning of the whole process of definition of the specifications may 
require a long time, and a high quantity of manufacturing scraps, I.e., of tyres to be 
discarded. 

25 

By way of example, figure 7 shows two excess material volume curves 70 and 71 , 
obtained by using the above mentioned function (1], for two green tyres being 
identical but for a different size of an axially outer insert <insert 1X59 in figure 2). In 
particular, curve 70 is the same curve of Figure 4, and refers to a green tyre 

30 having an insert reaching a radially outer position bwer of 10 mm and having an 
overall volume lower of 70 cc with respect to the insert of the green type related to 
curve 71. The modification of the insert was needed in order to avoid early 
formation of cracking in the radially outer portion of the sidewall, at the Join vwtti the 
tread band, so as to increase durability of ihe tyre. However, the gr^n tyre of 

35 curve 71 behaved almost perfectly liuring molding and curing in the vuteanizatlon 
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mold in terms of presence of defects and geometrical dtstortrons, a -condition no 
more guaranteed after the insert modification. 

As it can be seen from figure 7, tl^ curves 70 and 71 are practlcaily 
5 superimposed at low radial heights, and then separate in higher radial heights, 
corresponding to the fact that the insert modification involves only a modification In 
the radially outer portion of the tyre. It has also to -be noticed that the overall 
volume of the green tyre related to curve 71 is about 10% higtier than the avallabte 
cavity mold volume, whereas the overall volunie of thegraen tyre related to <curve 
10 70 is about 5% higher than the available cavity mo\d volume, due to the tawer 
overall volume of the insert Quite probably, the fomnation of tJefects after molding 
and curing in the green tyre related to -curve 70 may have a relationship with this 
lower overall excess volume. 

15 It has been found that, in order to correct the specifications tor Arming the^aen 
tyre related to curve 70. the curve 71 can be used as a target curve. 8y calculatir^g 
the differences between the curve 71 and the curve 70, corresponding to volume 
distribution differences versus the radial direction i>etween the two ^reen types 
related to curves 70 and 71, a computer program (that may be the sarne ixogram . 

20 being adapted to calculate and show the frend of the -excess material volume 
function) may derive a modified cross-section of the green tyre previously related 
to curve 70. and graphically show the same to an operator. The modified cross- 
section takes into account the volume differences calculated from the differences 
between the curves 70 and 71. A choice of th^ structural part of the tyre to be 

25 modified may be required to the operator t)efore -deriving the modified cross- 
section: if an inner structural part of the tyre is modified, corresponding 
modifications may be preferably applied to cuter structural parts of the tyre, in this 
example, the sidewall profile was modified using the calculated volume differences 
versus the radial direction, in order to cope with the modification of the insert. 

30 

After deriving the new cross-section of the green tyre, or, preferably, of tiie 
structural parts of the tyre to be modified, the operator may use the above 
mentioned program adapted for reproducing the -deposition of the elastonr^eric 
material on the toroidal support, in order 4o fill the new cross-section with the 
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suitable elastomeric elements, and to generate the new -specification files needed 
for forming the modified gieen tyre. 

Figure 8 shows the target curve of excess material volume 71, together with a new 
5 curve of excess material volume 72, corresponding to the new gpeen tyre, 
obtained from specification files detemiined -as explained above. As it <^an be 
seen, the two curves are practically superimpc^ed with each other. The tyre 
corresponding to the green tyre of cur^e 72, after molding, was practically free of 
defects and geometrical distortions and had an increased durability with respect to 
10 the tyre corresponding to the green tyre of curve 70. The specification set for its 
formation on the toroidal support was advantageously tuned in a very short time, 
with a corresponding reduction of scrap tyres during the^tup of the tyre. 

An analysis similar to that shown with referer>ce to Figures 7ar>d 6<x)u|d also be 
15 applied using the excess material functions J2] or{3] disclosed above. However, 
the Applicant has found particularty convenient to use the excess material function 
111. 

The invention has been explair^ with reference to an exemplary method of 
20 manufacturing tyres involving robotized machinery adapted to <carry and to 
move/rotate a toroidal support with respect to an extruder of elastomeric material, 
in order to deposit strip-like elements onto the toroidal support to form the -green 
tyre. Cleariy, the exact shape of the basic element may be different from a strip- 
like shape, and can be for example a filanr>ent-liKe shape, or any other suitable 
25 shape. Furthermore, the feeding device may move alternatively io or \n 
combination with the toroidal support, in a coordinated manner. 

Furthermore, the Applicant believes that the invention can be applied eteo with 
more traditional methods of manufacturing tyres involvir^g the formation of the 

30 green tyre to be molded and cured onto a rigid toroidal support, for insertion in a 
vulcanization mold for molding and curing at teast partially at aoonstant volunr^. In 
such traditional methods, the various structural parts forming the ^reen tyres are 
previously separately formed as semi-finished products, with a predetermined 
cross-section profile defined by suitable specifications, and then assembled 

35 together onto ihe toroidal support. The excess material volume functions X5an be 
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calculated, in this case, provided that a cross-section of ^he green t^fe to te 
formed is known, or, in other words, provided that the cross-s«;tion profile taken 
by the various semi-finished products when assembled onto the toroidal support is 
known. 

5 

Furthermore, the invention has been disclosed with reference to cateulation of 
excess material volume functions versus a radial diractfon. However, another 
suitable direction can be selected for the analysis, for example an axial <iipectk>n. 
Moreover, the excess material volunr^ functions may cateulated using the areas of 
10 the cross-sections of the green tyre and of the molding cavity, in place of the 
actual volume, especially in the case of -calculation perfonned using functions {3], 
[4] above. Thus, the term "volume" has not to he interpreted. Tor the purposes of 
the present invention, as involving necessarily a volume in three spatial 
dimensions, and includes also a surface in twodimenstons. 

15 

Moreover, the invention applies also to manufacturing methods in which molding 
cavities being wholly adapted for molding and curing at a constant volume are 
used, not only partially as explained in the disclosed examples. 

20 The actual operations and/or cateulations Wentified in the above disctosed analysts 
of the excess material curves may be implemented in suitable software ocKie 
portions of one or more computer programs, and ^carried out by any weH-known 
general purpose computer having appropriate processtng abilities, as it will appear 
to those skilled in the art. 

25 

Generally speaking, the at least one computer program is adapted 4o^ loaded 
into the memory of a computer comprising at least one CPU. The computer 
program can be for example embodied in one or more executable files, resklent on 
a suitable support accessible from the n>emory of the computer, such .as 4br 

30 example a hard disk, a diskette, a CD-ROM. a OVD-ROM or an ^extemal disk 
readable through a LAN. For the purposes of the present invention, the terms 
"computer program directly loadable into the memoryof a compiler" comprise files 
needed for the execution of the -executable frie or files, ^such as libraries, 
initialization files and so on, that can be resident on a suSable support accessible 

35 from the nr^mory of the computer, ^uoh as a hard disk, a <ti^^e, a -CO-ROM, a 
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DVD-ROM or an external disk readable thnuigfh a LAN. 1=tJrtherrTK)r^, for 4he 
purposes of the present invention the terms "computer program- also comprise 
files possibly different from the executable file or files Bndtor from the fries nested 
for the execution of the same, embodied in an InstaHabte software, adapted, when 
5 run on the computer, to install the executable file or fries, as well as the fil^ 
needed for the execution of the same. Such instaHabte software can be resident 
on a suitable support, such as a diskette, or a CD-RDM, a OVD-ROM or it can be 
available for download from a network resource, such as a server comprised in a 
LAN or reachable through an external network, for example the Internet 



